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RESUMO 
 
O objetivo no presente estudo foi estimar a dose absorvida na região de órgãos 
sensíveis, no tomógrafo computadorizado de feixe cônico OP300 Maxio, variando parâmetros 
de exposição em relação à resolução espacial e tamanho e posicionamento do campo de visão 
(FOV - field of view). Para isso, exames de tomografia computadorizada de feixe cônico foram 
obtidos no referido tomógrafo, variando-se o número de imagens base, o tamanho do voxel (0,2 
mm, 0,125 mm e 0,085 mm), e o tamanho (5x5 cm, 6x8 cm e 8x15 cm) e posicionamento do 
FOV. Quando esse era pequeno, a posição variou entre maxila ou mandíbula, anterior ou 
posterior ou para uma das articulações temporomandibulares (ATM). A estimativa da dose 
absorvida foi realizada no phantom antropomórfico, modelo 711-HN, utilizando dosímetros 
termoluminescentes TLD-100 (LiF:Mg,Ti), os quais foram distribuídos em 7 locais pré-
determinados (olhos, glândulas parótidas e submandibulares e tireoide). Um par de dosímetros 
foi posicionado em cada um dos locais para se calcular a média da dose absorvida na região de 
órgãos sensíveis e um par de dosímetros foi mantido fora da sala de exames a fim de medir a 
dose média de radiação ambiente. Foram realizadas duas exposições para cada protocolo. A 
leitura dos dosímetros foi obtida em uma leitora termoluminescente (Victoreen, modelo 2800). 
Os valores encontrados foram subtraídos dos valores das leituras referentes à radiação ambiente 
e então divididos pelo número de exposições (2) para expressar a média de exposição por exame 
para cada dosímetro. As doses das diferentes regiões foram somadas para expressar o total de 
dose de cada exame e possibilitar as comparações. A análise estatística foi realizada no 
programa SPSS, versão 22.0. Análise de variância dois critérios com teste post-hoc de Tukey 
foi utilizada para avaliar o efeito dos protocolos e tamanho e posicionamento do FOV na dose. 
Análise de variância um critério com teste post-hoc de Tukey foi utilizada para avaliar a 
influência do tamanho do FOV na dose para o exame da ATM. Foi empregado nível de 
significância de 5% para todas as análises. Os resultados mostraram que o aumento da resolução 
espacial causou um aumento da dose em todas as posições do FOV; no FOV de 5x5 cm, a dose 
da região anterior foi menor do que a da posterior tanto para maxila quanto para mandíbula, 
que apresentou os maiores valores em todos os protocolos, com diferença significante. No 
protocolo Standard (voxel de 0,2 mm), o FOV de 8x15 cm apresentou valores de dose absorvida 
maiores em relação ao FOV de 5x5 cm. Para a ATM, dois pequenos FOVs (5x5 cm) exibiram 
menores valores de dose absorvida em relação ao FOV de 8x15 cm, com diferença significante. 
Foi possível concluir que a dose absorvida na região dos órgãos radiossensíveis avaliados 
variou de acordo com o tamanho e posicionamento do FOV em todos os protocolos; a redução 
 
 
da dose pode ser obtida limitando-se o FOV para a região de interesse (ROI - region of interest), 
para o tomógrafo estudado. 
 
Palavras-chave: Tomografia computadorizada de feixe cônico. Dosimetria termoluminescente. 
Exposição à radiação. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ABSTRACT 
 
The aim of this study was to estimate the absorbed dose on the region of sensitive organs 
using OP300 Maxio cone beam computed tomography (CBCT) equipment, varying exposure 
parameters on the spatial resolution and size and positioning of the field of view (FOV). 
Different numbers of basis images (frames) and voxel size (0,2 mm, 0,125 mm e 0,085 mm), 
sizes (5x5 cm, 6x8 cm and 8x15 cm) and positionings of the FOV were applied to obtain these 
CBCT scan. When the FOV was small, the position varied between maxilla and mandible, 
anterior or posterior, and one side of temporomandibular joint (TMJ). The estimate of absorbed 
dose was carried out on the anthropomorphic phantom, 711-HN model, using 
thermoluminescent dosimeters TLD-100 (LiF: Mg, Ti), which were distributed in seven 
predetermined locations (eyes, parotid, submandibular and thyroid glands). A pair of dosimeters 
was placed in each of the given locations to calculate the average absorbed dose on the region. 
Another pair was kept outside of the examination room to measure the mean dose of 
background radiation. Two exposures for each protocol were made. The reading of the 
dosimeters was obtained in a thermoluminescent reader (Victoreen, model 2800). The values 
were subtracted from the readings amounts referring to background radiation and then divided 
by the number of exposures (2) to express the exposure average by examination for each 
dosimeter. The doses of the different regions were added to each exam to compare them. 
Statistical analysis was performed using SPSS version 22.0. Two-way analysis of variance 
(ANOVA) with the Tukey’s post-hoc test was used to assess the effect of protocols and FOV 
position and size on dose. One-way ANOVA with the post-hoc Tukey test was employed to 
evaluate the influence of FOV size on dose for TMJ scans. A significance level of 5% was set 
for all analyses. The results showed that the increase of the spatial resolution caused an increase 
in dose in all positions of the FOV; in the 5x5 cm FOV, the absorbed dose values were lower 
in the anterior region than posterior in both the maxilla and mandible, with the latter showing 
the highest values in all protocols with significant difference. The 8x15 cm FOV shown larger 
absorbed dose values in comparison to the 5x5 cm FOV in the Standard protocol (0,2 mm 
voxel). For TMJ, two small FOV (5x5 cm) exhibited lower values of absorbed dose in relation 
to the 8x15 cm FOV with significant difference. In conclusion, the absorbed dose at the region 
of the radiosensitive organs evaluated varied according to the size and position of the FOV in 
all protocols; dose reduction may be obtained by limiting the FOV in the region of interest 
(ROI), in the studied tomograph. 
 
 
 
Key Words: Cone-Beam Computed Tomography. Thermoluminescent Dosimetry. Radiation 
Exposure. 
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1 INTRODUÇÃO 
 
 
Por muitos anos, a dosimetria em Radiologia Odontológica foi negligenciada, 
devido às baixas doses utilizadas e ao pequeno volume irradiado associado aos exames 
radiográficos (European Commission, 2004). Contudo, a partir do surgimento de novas técnicas 
de imagens, os níveis de dose passaram a ter valores que não poderiam mais ser desconsiderados 
(European Atomic Energy Community, 2009). Assim, avaliar as novas tecnologias e os níveis 
de doses associados a esses exames é importante para a Odontologia. 
Dentre as novas técnicas de imagens utilizadas, tem-se a tomografia 
computadorizada de feixe cônico (TCFC), introduzida por Mozzo et al., em 1998. 
Diferentemente do tomógrafo computadorizado de multidetectores (TCMD), que apresenta o 
feixe de radiação em forma de leque, esses tomógrafos apresentam um feixe de radiação com 
geometria cônica. Atualmente, a TCFC é considerada um método auxiliar amplamente aceito e 
utilizado no diagnóstico, plano de tratamento e acompanhamento em Odontologia (Pauwels et 
al., 2012), o que levou a um aumento do interesse e preocupação em relação à exposição dos 
pacientes à radiação emitida por esses aparelhos. 
O uso disseminado da TCFC pode ser atribuído ao baixo custo, alta resolução 
espacial e doses absorvidas geralmente baixas para os pacientes quando comparadas à da 
TCMD (Pauwels et al., 2015).  É importante salientar que os níveis de exposição à radiação 
ionizante em TCFC são relativamente baixos quando comparados com a TCMD; entretanto, os 
valores de dose ainda são considerados maiores do que os utilizados em outros métodos de 
aquisição de imagem utilizados em Radiologia Odontológica. É relatado que a dose efetiva para 
a TCFC chega a ser de 2 a 10 vezes mais elevada do que a dose efetiva de uma radiografia 
panorâmica, quando uma pequena região é escaneada, e de 10 a 20 vezes maior quando uma 
grande região é escaneada (Bornstein et al., 2014). 
Sendo assim, é fundamental que o benefício potencial do exame para o paciente 
seja equilibrado com o risco de exposição à radiação ionizante. Embora estime-se que menos 
de 0,1% da dose de radiação recebida pela população global seja atribuída à imagem 
odontológica (United Nation Scientific Committee on the Effects of Atomic Radiation, 2008), 
essa parcela, bem como o impacto potencial dessa dose, pode aumentar se atenção não for dada 
à crescente utilização da TCFC (Deman et al., 2014). 
Recentemente, um grupo de trabalho europeu propôs o SEDENTEXCT, um manual 
com critérios de seleção baseados em evidências com indicações para a realização de exames 
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de TCFC. É preconizado que a TCFC só deve ser utilizada quando a situação clínica não puder 
ser respondida por meio de radiografias convencionais e, nesses casos, o campo de visão (FOV 
– field of view) deve ser limitado à região de interesse (ROI - region of interest) 
(SEDENTEXCT, 2011). Idealmente, o aparelho de TCFC deve ser capaz de oferecer uma 
escolha de tamanhos de FOV que permita reduzir a dose de radiação para o paciente.  
Apesar de a maioria dos equipamentos de TCFC apresentar um protocolo padrão 
disponível, com parâmetros de aquisição e tamanhos de voxel que são apropriados para um 
paciente médio, o operador pode selecionar, a partir de uma gama de protocolos, o mais 
adequado, de acordo com as necessidades clínicas e características anatômicas de cada 
indivíduo. Como a dose de radiação recebida pelo paciente parece depender primeiramente do 
FOV e dos parâmetros de exposição selecionados, é importante escolher o protocolo que 
ofereça a menor dose, proporcionando as informações necessárias para o diagnóstico 
(SEDENTEXCT, 2011), seguindo sempre o princípio ALARA (As Low As Reasonably 
Achievable – Tão baixo quanto razoavelmente possível) (Farman, 2005). 
A redução das doses absorvidas em exames odontológicos é fundamental, já que 
estruturas radiossensíveis, como a tireoide, glândulas salivares e olhos, podem estar dentro ou 
próximas ao campo de radiação primário. O relatório 103 da Comissão Internacional de 
Proteção Radiológica (ICRP – International Commission of Radiological Protection, 2007) 
ressalta que as glândulas salivares apresentam risco de indução de câncer devido à exposição à 
radiação. Além disso, a opacificação das lentes e catarata no cristalino dos olhos são efeitos que 
também podem ser induzidos pelas radiações ionizantes. Durante os exames de TCFC, esses 
são alguns dos órgãos que recebem as maiores doses absorvidas (ICRP, 2007b; 2012). 
Alguns aparelhos de TCFC apresentam FOVs grandes ou médios que fornecem 
informações sobre toda a cabeça do indivíduo. No entanto, imagens de um único dente ou 
poucos dentes e osso alveolar são muitas vezes necessárias na prática odontológica, mais 
especificamente na Endodontia. Nesses casos, FOVs pequenos e imagens de alta resolução 
espacial devem ser utilizados (Dula et al., 2015), o que é de grande importância, pois restringe 
a área de exposição direta apenas à ROI, reduzindo a dose de radiação para o paciente (Davies 
et al., 2012; Ludlow et al., 2013; Bornstein et al., 2014). 
Grande parte dos estudos sobre dosimetria em TCFC avalia a dose relacionada à 
obtenção de exames com FOVs considerados grandes (maior do que 100 cm2) ou médios (entre 
40 e 100 cm2) (Ludlow et al., 2003; Ludlow e Ivanovic, 2008; Qu et al., 2010; Davies et al., 
2012; Andrade et al., 2013; Bornstein et al, 2014; Khoury et al., 2015; Ludlow et al., 2015), 
18 
 
havendo uma carência de estudos sobre a dosimetria com pequenos FOVs (menores do que 40 
cm2).  
Exames com pequenos FOVs também podem ser indicados para região da 
articulação temporomandibular (ATM); entretanto, não se sabe se sua utilização reduziria a 
dose de radiação para o paciente, pois seriam necessárias duas exposições, já que é uma 
estrutura bilateral. Um exame com FOV maior envolvendo ambas as ATMs poderia ser mais 
vantajoso em relação à dose, mas isto ainda não foi determinado na literatura. Os estudos que 
compararam a dose de um exame com FOV maior abrangendo simultaneamente as duas ATMs 
com a de dois exames com FOV menor (um para cada ATM) foram realizados em aparelhos 
diferentes, o Hitachi CB MercuRay (FOV de 9”) e Kodak 9000® (FOV de 5,0 cm x 3,7 cm) 
(Lukat et al., 2013), e CS 9000 (FOV de 5,0 cm x 3,7 cm), Gendex GXCB 500 (FOV de 14 cm 
x 8,0 cm) e i-CAT classic (FOV de 16 cm x 8,0 cm)  (Oliveira et al., 2015), os quais não 
apresentavam ampla possibilidade para seleção do tamanho do FOV, dificultando a comparação 
da dose em relação ao uso de dois FOVs menores ou um maior. 
O número de equipamentos de TCFC disponíveis no mercado tem aumentado e 
novos modelos estão sendo desenvolvidos. Entre os aparelhos tomográficos disponíveis 
comercialmente, o OP300 Maxio (Instrumentarium Dental, Tuusula, Finlândia) fornece um 
pequeno FOV que é bem adequado para o diagnóstico em Odontologia que envolva avaliação 
de áreas dento-alveolares limitadas. No entanto, os parâmetros de dosimetria em exames com 
pequenos FOVs nesse equipamento foram pouco estudados (Ludlow et al., 2015). Sendo assim, 
o objetivo no presente estudo foi estimar a dose absorvida na região de órgãos sensíveis da 
cabeça e pescoço, no tomógrafo computadorizado de feixe cônico OP300 Maxio, variando 
parâmetros de exposição com relação à resolução espacial e tamanho e posicionamento do 
FOV. 
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2 ARTIGO: Dosimetry in OP300 Maxio CBCT with different protocols: Emphasis on 
small FOVs and TMJ region 
 
Artigo submetido ao periódico “Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology” 
(Anexo) 
 
Research article 
 
1Helena Aguiar Ribeiro Nascimento, MS, PhD 
2Marcos Ely Almeida Andrade, MS, PhD 
3Marco Antônio Gomes Frazão, MS, PhD 
1Eduarda Helena Leandro Nascimento, MS, PhD student 
4Flavia Maria Moraes Ramos-Perez, MS, PhD 
1Deborah Queiroz Freitas, MS, PhD 
 
1 Division of Oral Radiology, Department of Oral Diagnosis, Piracicaba Dental School, State 
University of Campinas, Campinas, SP, Brazil; 2 Department of Nuclear Energy, Federal 
University of Pernambuco, Recife, PE, Brazil; 3 Recife Dental School, Recife, PE, Brazil; 4 
Department of Clinical and Preventive Dentistry, School of Dentistry, Federal University of 
Pernambuco, Recife, PE, Brazil 
 
Running head: Dosimetry in OP300 Maxio 
 
Conflict of interest: None declared. 
 
Funding: This work was supported by grants-in-aid from CAPES, Brazil. 
 
20 
 
Corresponding author: 
Helena Aguiar Ribeiro do Nascimento 
Division of Oral Radiology, Department of Oral Diagnosis, Piracicaba Dental School, State 
University of Campinas (UNICAMP) 
Avenida Limeira, P.O. Box 52, Zip Code 13414-903 
Piracicaba, São Paulo, Brazil 
Phone: +55-19-2106-5327 
E-mail: arnhelena@gmail.com 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
21 
 
Abstract 
 
Objective: To estimate the absorbed dose (AD) using an OP300 Maxio CBCT varying 
exposure parameters, spatial resolution and size and position of the field of view (FOV).  
Study Design: CBCT scans were obtained varying spatial resolutions, size and positioning of 
the FOV. With a small FOV, different areas were scanned (maxilla or mandible, anterior or 
posterior and one side of TMJ). Estimations for the AD were determined in a phantom, using 
thermoluminescent dosimeters in sensitive head and neck organs. 
Results: With a 5x5 cm FOV, doses were lower in the anterior region in the maxilla and 
mandible. With the standard protocol, the 8x15 cm FOV showed a higher AD compared to the 
smaller FOV. For the TMJ, two small FOV produced lower AD when compared with the single 
larger FOV. 
Conclusions: While the absorbed dose varied according to the size and position of the FOV in 
all protocols, we did not observe a linear relation between FOV size and dose. The radiation 
dose can be reduced by limiting the FOV to the region of interest, including the TMJ area in 
the studied tomograph. 
 
Key words: Cone-Beam Computed Tomography. Dosimetry. Radiation Exposure. 
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Introduction 
 
Since its description by Mozzo et al. in 1998, cone beam computed tomography 
(CBCT) has become an integral part of the set of diagnostic tools for various dental specialties.1 
The use of CBCT in oral and maxillofacial imaging has grown rapidly due to its low cost and 
high spatial resolution, but also because its absorbed radiation dose is generally low when 
compared with the multidetector CT (MDCT).2 Although the absorbed doses are lower than 
those of MDCT, the amount of radiation to which patients are exposed when subjected to a 
CBCT scan remains a concern. That concern is justifiable in the imaging of the head and neck 
since the irradiated field houses critical organs such as the thyroid, the salivary glands and the 
crystalline.3 
Usually, the operator of a CBCT unit has several protocols available and selects the 
most appropriate setup according to the clinical requirements and the anatomical characteristics 
of the area of interest. As the radiation dose received by the patient seems to depend primarily 
on the field of view (FOV) and on the exposure parameters, it is important to choose the 
protocol that provides the lowest dose to the patient while providing the necessary diagnostic 
information, according to the ALARA principle (As Low As Reasonably Achievable).4,5 
Some CBCT devices have medium and large FOVs that provide images of the entire 
head. However, images of a single tooth or a few teeth including the alveolar bone are 
commonly images needed in dental practice. Especially in Endodontics, high resolution images 
are a requirement wich is obtained with small FOVs.6 This is of particular importance because 
it restricts the area of direct exposure to the region of interest (ROI), reducing the radiation dose 
to the patient.7-9 However, as the device spins around the patient's head during scanning 
examination, tissues and structures outside the FOV are also irradiated.  
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Strikingly, the ratio of dose reduction to these peripheral structures has not yet been 
established. One factor contributing for that information void is that most of dosimetry CBCT 
studies evaluated the dose in exams obtained with large (greater than 100 cm2) or moderate 
(between 40 and 100 cm2) FOVs.3, 9-11 In such cases, the large FOV is centered to the maxillo-
mandibular region. Therefore, there is a lack of studies on dosimetry with small FOVs (less 
than 40 cm2) and on the influence of FOV positioning in relation to critical organs of the head 
and neck. 
Exams with small FOVs may be needed for assessing the temporomandibular joint 
(TMJ). Still, it is unclear whether the use of a smaller FOV does reduce the radiation dose to 
the patient, given that two exposures would be necessary to scan both TMJs. An examination 
with greater size FOV involving both TMJs could be more advantageous in relation to the dose, 
but such fact has not been demonstrated. In fact, studies comparing the dose delivered by a 
greater FOV covering the two TMJs simultaneously with that delivered by two smaller FOVs 
(one for each TMJ) have been performed, but the doses compared were produced by different 
devices.12,13 That drawback was secondary to the use of equipment without ample FOV settings; 
since the devices operated with different energy factors, it is therefore imprecise to attribute 
any dose variations to FOV size alone. Evaluating the relationship of third molars with the 
mandibular canal bilaterally also poses a similar problem. 
The options of commercially available CBCT units has increased substantially and 
new models continue to be developed and released. Among them, the OP300 Maxio 
(Instrumentarium Dental, Tuusula, Finland) features a small FOV setting. Still, dosimetry 
studies using the small FOVs available in this equipment are relatively scarce.11 Thus, the aim 
of this study was to estimate the absorved dose in the region of sensitive head and neck organs 
when using the varying exposure settings offered by OP300 Maxio, with special focus on spatial 
resolution and FOV size and position. 
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Material and Methods 
 
In the present study, we used the OP300 Maxio CBCT platform (Instrumentarium 
Dental, Tuusula, Finland), which has a pulsed radiation beam and factors such as voxel size, 
number of basis images (frames), kilovoltage (kV), milliamperes (mA) and exposure time set 
automatically based on patient size, area  to be scanned and scout view. Table 1 shows the 
technical parameters, the FOVs and the ROIs evaluated in this study. 
 
Table 1. Exposure protocols and settings used for image acquisition in this study 
Scanning Mode FOV ROI 
Standard (8.0mA; 90kVp; t=2.3s; voxel 
=0.2mm; Spin=270º; Frames=234)*  
5.0 x 5.0**      Anterior maxilla***  
Posterior maxilla*** 
Anterior mandible***  
Posterior mandible*** 
  5.0 x 5.0** TMJ (one side)**** 
  6.0 x 8.0** TMJ (one side)**** 
    8.0 x 15** TMJ (bilaterally)**** 
High (6.3mA; 90kVp; t=6.1s; voxel 
=0.125mm; Spin=270º; Frames=609)* 
   5.0 x 5.0 Anterior maxilla*** 
Posterior maxilla*** 
Anterior mandible*** 
Posterior mandible*** 
Endo (6.3mA; 90kVp; t=8.7s; voxel 
=0.085mm; Spin=270º; Frames=870)* 
5.0 x 5.0 Anterior maxilla*** 
Posterior maxilla*** 
Anterior mandible*** 
Posterior mandible*** 
Compares *the effect of different protocols of spatial resolution and frames on dose, ** the effect of 
FOV size on dose, *** the effect of FOV positioning on dose and ****the dosimetry of one scan for 
both TMJs with two smaller FOVs (one for each TMJ). 
 
25 
 
The dose absorbed by sensitive organs was estimated with thermoluminescent 
dosimeters (TLD-100, LiF: Mg, Ti, size 3x3x1mm), which were calibrated before the 
exposures. For the exposures per se, an anthropomorphic phantom (711-HN model, Atom Max 
dental & diagnostic head phantom, Computerized Imaging Reference Systems, Inc. - CIRS, 
Norfolk, VA, USA) was positioned with the occlusal plane parallel to the horizontal plane and 
the sagittal plane perpendicular to that horizontal plane (Figure 1A). Dosimeters were placed in 
each of the anatomical locations selected (Figure 1B, table 2). An extra pair of dosimeters was 
placed outside the examination room to measure the average dose of background radiation that 
should be subtracted from the dosimetric values. 
 
Figure 1 – Phantom positioning in the OP300 Maxio unit (A) showing the 
thermoluminescent dosimeters (TLDs) (B) listed in Table 2 (arrows). 
 
 
 
 
 
 
 
 
 
 
 
 
 
A B 
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Table 2. Location of thermoluminescent dosimeters on the phantom 
Organ TLD Location 
Eyes        01 
02 
Lens of the right eye  
Lens of the left eye 
Salivary glands 03 
04 
05 
06 
Right parotid 
Left parotid  
Right submandibular  
Left submandibular 
Thyroid gland 07 Skin over the thyroid gland 
 
 
Due to the relatively low dose of radiation released by a single CBCT scan and to 
the fact that more dosimeters were outside the primary exposure field when small FOVs were 
used, each protocol was conducted twice to achieve measurable values even for small radiation 
doses. 
The reading of the dosimeters was conducted after the exposures with the aid of a 
thermoluminescent reader (model 2800, Victoreen, Inc., Cleveland, Ohio, USA). All values 
were subtracted from those related to background radiation and divided by the number of 
exposures (two) to express the average exposure per dosimeter. Then, the mean value for each 
pair of dosimeters was obtained and represented the dose for each region. Doses of all regions 
were then added to obtain the final dose for each exam. Exposures were recorded in 
nanocoulombs (nC) and then converted to express the dosimetric data in miligrays (mGy). 
Statistical analysis was performed using SPSS version 22.0 (SPSS Inc., Chicago, IL, 
USA). Two-way analysis of variance (ANOVA) with the Tukey’s post-hoc test was used to 
assess the effect of protocols and FOV position and size on dose, with normal distribution. One-
way ANOVA with the post-hoc Tukey test was employed to evaluate the influence of FOV size 
on dose for TMJ scans. A significance level of 5% was set for all analyses. 
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Results 
 
Figure 2 shows the total doses absorbed by the sensitive organs with the 5.0 x 5.0 
cm FOV centered in different positions and using the three protocols available. The values 
represent the sum of the readings of the seven dosimeters for each protocol. The anterior maxilla 
showed lower values when compared to the posterior maxilla, as did the anterior mandible in 
relation to the posterior mandible. The doses in the anterior region did not differ significantly 
from each other, but differed from those of posterior regions. The posterior mandible showed 
the highest values in all protocols. In the maxilla, there was an increase of 16%, 28% and 62% 
in the total absorbed dose as the FOV was moved from an anterior to a posterior region. In the 
mandible, total doses increased 76%, 100% and 112%, with the Standard, High and Endo 
protocols, respectively. Furthermore, the spatial resolution changes (Standard x High x Endo) 
caused an increase in the dose, which in some cases was greater than 100%. The increase was 
more pronounced when the Standard and Endo protocols were compared. The difference 
between protocols was statistically significant according to ANOVA. 
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Figure 2 – Estimates for the doses absorbed by sensitive organs according to the different 
conditions tested with the 5x5 cm FOV (mGy). Different capital letters indicate statistically 
significant difference between regions; different lower letters indicate difference between 
protocols, according to ANOVA. 
 
 
Doses absorbed by the sensitive organs according to the different FOV sizes with 
the Standard protocol are shown in Figure 3. While a dose reduction was seen when small FOVs 
were used, it was not proportional to the reduction in volume. In fact, while the volume was 
reduced 5 times, the dose decreased 2.5 times on average. 
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Figure 3 – Estimates for the doses absorbed by sensitive organs according to the different FOV 
positions and sizes, in the Standard protocol (mGy). 
 
 
Figure 4 shows the doses absorbed by the sensitive organs with different FOV sizes 
(5x5 cm, 6x8 cm and 8x15 cm) and with the Standard protocol for the TMJ. The 5x5 cm and 
6x8 cm FOVs values represent duplicate readings that estimate a bilateral TMJ exam (absorbed 
dose of one exam with 5x5 cm FOV = 2.08 and with 6x8 cm FOV = 5.87). Two exams with a 
smaller FOV (5x5 cm) resulted in half the dose of one scan with a greater FOV. On the other 
hand, acquisition of two exams with the medium-sized FOV (6x8 cm) resulted in a larger dose 
than that obtained with a greater FOV. ANOVA showed statistically significant differences 
between the values. 
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Figure 4 – Estimates for the doses absorbed by sensitive organs according to the different FOV 
sizes when using the Standard protocol for the TMJ (mGy). Different letters indicate 
statistically different values according to ANOVA. 
 
 
Discussion 
 
Over the past decade, CBCT imaging gained popularity among dental 
professionals. At the same time, its use has raised the level of concern regarding the exposure 
of patients to radiation. Pioneering studies on CBCT dosimetry used what was then considered 
medium or large FOVs that were centered in the maxilla and mandible of anthropomorphic 
phantoms.7, 14-16  As CBCT units began to offer smaller FOVs, two questions derived from such 
innovation: how does FOV reduction and FOV positioning affect an exam’s total radiation 
dose? Therefore, in this study, a device that is not only relatively new in the market but also 
4.166
11.741
8.242
0
2
4
6
8
10
12
14
TMJ one side
FOV 5x5 cm (x2)
(A)
TMJ  one side
FOV 6x8 cm (x2)
(C)
TMJ  bilaterally
FOV 8x15 cm
(B)
31 
 
allows the selection of varied FOV sizes from small (less than 40 cm2) to large (greater than 
100 cm2), was tested to enable the comparisons proposed. 
The radiation doses obtained in this study are difficult to weigh against those from 
previous works, given that differences in the equipment used, in FOV positioning, in technical 
settings such as kVp and mA, and in methods of measurement and/or dosimetry systems 
employed make any attempt of comparison a challenge. Moreover, only one study with OP300 
Maxio employed dosimetry in its methods, and only the anterior regions of maxilla and 
mandible were assessed with the 5x5 cm FOV. Besides, dosimetry was not performed for TMJ 
scans.11 
When assessing the dose absorbed by the sensitive organs, it was possible to verify 
the effect of exposure parameters and FOV positioning with the 5x5 cm FOV. There was a 
progressive increase in dose for all FOV positions with the Standard, the High and the Endo 
protocols, in that order. While the Standard protocol was set with a higher mA, exposure time 
went up three to four times in the High and Endo protocols, respectively. An increase of the 
spatial resolution and number of bases images from the Standard protocol to High, followed by 
Endo is also related to that and contributes to increase in dose. The only exception to this trend 
was in the anterior maxilla, which could be explained due to the greater distance from the 
evaluated organs and to the fact that the device does not rotate fully around the patient’s head. 
Furthermore, in all protocols with the small, 5x5 cm FOV, there was a trend of 
increasing doses as the FOV was moved from anterior to posterior. A possible explanation for 
that finding is that the posterior regions presented comparatively more radiosensitive structures 
directly exposed to the primary radiation beam. 
It is essential that an ideal FOV be selected for each patient, according to the clinical 
needs or the anatomical region evaluated.7 In this study, we observed reductions in the radiation 
dose when limiting the FOV to the ROI. However, dose reduction does not seem proportional 
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to the reduction of the volume scanned. Thus, it must be noted that if the patient requires 
evaluation of all the maxilla and mandible, a large, 8x15 cm FOV is recommended, since the 
total radiation dose with such FOV is comparatively lower. 
It is important to consider that using a small FOV solely does not ensure a lower 
radiation dose to the patient. In fact, other factors contribute to the final dose, such as the spatial 
resolution and the number of base images. Here, the doses obtained when using the small FOV 
in the posterior regions with the High and Endo protocols were similar or even higher than those 
measured when using the large FOV with the Standard protocol. 
On the other hand, the results obtained for the TMJ scans demonstrated that the 
restriction of the FOV to the ROI (i.e., using a smaller FOV for each joint) decreased the dose 
of radiation when compared to a larger FOV that captures both TMJs. Similarly, Luckat et al12 
reported a significant reduction when two small FOVs were used in comparison with a large 
FOV; however, different CBCT devices (Hitachi CB MercuRay and Kodak 9000®) were used 
in that study. Alternatively, one study showed that the doses absorbed by the crystalline were 
not reduced when a limited FOV for the TMJ was used. These authors also used different 
devices (CS 9000, Gendex GXCB 500 and i-CAT classic) to obtain different FOVs.13 
Comparing the results obtained with different CBCT units creates a bias because factors that 
differ from one unit to the other, such as energy parameters, can affect the radiation dose. In 
this study, we made an attempt to isolate FOV size as the independent variable to assess its 
actual influence. 
In addition, a medium-sized FOV was used for examining the TMJs because a small 
FOV might not have covered the entire region of interest and adjacent structures, especially 
when the patient’s mouth is open. Therefore, some professionals would prefer a 6.0 x 8.0 cm 
FOV. However, two scans with the medium-sized FOV (one for each TMJ) delivered a higher 
dose compared to one scan performed with a greater FOV, which involved the two TMJs. In 
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this particular case, FOV reduction did not produce a proportional reduction in total radiation 
dose, suggesting that a greater FOV may be beneficial when imaging bilateral structures such 
as the TMJs. In the pre-surgical planning of third molar removal, which in several cases require 
bilateral evaluation, two scans with a small FOV produced a dose of radiation similar to one 
scan performed with a greater FOV. Thus, the selection of a large or a small depends on the 
professional's discretion. 
The several settings available for CBCT image acquisition and the varying 
characteristics of units from different manufacturers can affect the production of radiation, as 
seen in this study. The radiation dose must be chosen carefully and can be adjusted through 
changes in FOV, exposure time or mA. However, one must bear in mind that changing settings 
can compromise the signal reaching the detector and therefore the quality of the image. Since 
dosimetry information and image quality are both important for CBCT, professionals should 
choose which device to use for each diagnostic need.17 
Finally, and despite the fact that CBCT provides low radiation doses, it is 
imperative to know the dose levels as well as the strategies for dose reduction with different 
CBCT units and operating modes, since the damaging potential of X-ray use is cumulative.17 
 
Conclusion 
 
The radiation dose absorbed by radiosensitive organs was assessed in various 
settings, such as different spatial resolutions, as well as size and positioning of the FOV. Higher 
doses were found for high resolution image acquisition; doses were high also when posterior 
regions where imaged with a small FOV, especially in the mandible. However, there does not 
seem to exist a linear relation between FOV size and dose. In brief, the amount of radiation 
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produced by the OP300 Maxio platform may be reduced by limiting the FOV to the ROI, even 
when imaging the TMJ area.  
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3 CONCLUSÃO 
 
 
A dose absorvida na região dos órgãos radiossensíveis avaliados variou de acordo 
com a resolução espacial, o tamanho e posicionamento do FOV, com maiores valores para 
maior resolução e regiões posteriores, especialmente da mandíbula, quando um FOV pequeno 
foi utilizado. Entretanto, não houve uma proporção linear entre redução do FOV e da dose. A 
redução da dose pode ser obtida limitando-se o FOV para a ROI, inclusive para a região de 
ATM, no tomógrafo OP300 Maxio. Entretanto, quando o profissional julgar que o FOV menor 
não é suficiente para obtenção de imagens na ATM, é recomendada a aquisição de um exame 
com FOV maior englobando ambas as ATMS, pois a obtenção de dois exames com FOV médio 
para esta região não é recomendada em termos de dose. 
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